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INTRODUCTION. 
It has been found that if a  rabbit be splenectomized and injected 
intravenously with colloidal  carbon a  week or so later,  the greater 
part of this carbon will be taken up by the pulmonary endothelium, 
which shows not only an increased ability for phagocytosis, but also 
proliferative  activity.  The  details  of  such  an  experiment  were 
described  in  x  preceding paper  of  this  series  (Foot,  1923).  This 
change  in  the  reaction  of  the  pulmonary endothelium  to  foreign 
material, as compared with that in control animals, has comparatively 
little practical significance,  as such large quantities of inert matter 
seldom if ever find their way into the circulation under conditions 
other  than experimental.  It would be  of greater practical impor- 
tance to know what effect splenectomy would have on the distribu- 
tion  of  microorganisms  subsequently  introduced  into  the  blood 
stream. 
The  tubercle  bacillus  calls  forth  a  marked  endothelial  reaction 
and  is  frequently found in  the circulation under conditions arising 
spontaneously after the rupture of a  tubercle into a  vessel.  What 
effect would splenectomy  have upon the distribution of this bacterium 
in  experimental  general  miliary  tuberculosis?  Would  the  lesions 
produced differ from those observed in control rabbits? 
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EXPERr~[ENTAL. 
In order to answer these questions the following experiment was 
undertaken.  I  It was found that definite  differences  in the distribu- 
tion of the organisms and the character of the resulting lesions  do 
exist, as compared  with  the findings in normal  controls.  These 
differences are sufficiently  striking to warrant description and dis- 
cussion. 
The rabbits used were divided into two groups; five were splenectomized (Group 
S) and five reserved for controls (Group C).  They were weighed and injected 
intravenously, about 2 weeks after the operation, with 0.2 rag.  per kilo of a 2 
week culture of bovine tubercle bacilli on glycerol agar slants.  The suspension 
was prepared in the usual manner, by rubbing up a weighed amount of tubercle 
bacilli with salt solution  and gradually adding more of the latter until an even 
suspension was obtained.  This was diluted until 1 cc. equalled 0.2 rag.  Necrop- 
sies were performed upon the animals as soon as they were found dead, the first 
(Rabbit $1)  dying 19 days, the last 1 month after injection.  The order of the 
deaths in the series was as follows: No. S1, 19 days; No. $2, 20; No. C1, 23 ;No. C2, 
24; No. $3, 24.5; Nos. C3, $4, and $5, 28; and Nos. C4 and C5, 31 days after the 
bacilli were injected.  It will be seen from this that the splenectomized group (S) 
tended to die off a little sooner than the controls (C), but that the difference is not 
marked. 
The  necropsies  reveal  striking  gross  differences between  the  ap- 
pearance of the pulmonary lesions in Group S and those of Group C, 
the most pronounced one being the type of lesion produced; the lungs 
of  Group  S  are  shot  with  discrete,  firm miliary tubercles and  float 
in  water,  those  of  Group  C  exhibit  considerable  consolidation  and 
caseous pneumonia, and  sink.  Changes in the liver and kidney are 
not  so  marked  in  the  gross  specimens.  The  organs  selected  for 
microscopic  examination  are  the  lung,  liver,  and  kidney,  and  the 
spleen  when  present.  They have  been  fixed  in  Zenker's  fluid  and 
sectioned  in  paraffin,  the  sections  being  stained  with  hematoxylin- 
eosin,  and  with  carbolfuchsin  combined  with  Van  Gieson's  stain 
and  with  hematoxylin. 
The Altered Histology in Splenectomized Animals. 
Lungs.--As  indicated  by the  gross  examination,  it  is  found  that 
the tuberculous process in the lungs of Group S is essentially mih'ary, 
1All operations were performed under ether anesthesia. NATHAN  CHANDLER  FOOT  265 
or conglomerate, in type, the tubercles are discrete, sharply delimited, 
and separated from one another by  considerable expanses of prac- 
tically  normal lung  tissue  (Fig.  1).  The  tubercles also  contain  a 
great  many  polymorphonuclear  amphophil  ceils,  or  their  debris, 
which makes them stain very darkly as compared with those in the 
controls (Fig. 2).  There are also fewer epithelloid cells in them, while 
those of the controls contain many.  The Van Gieson sections appear 
to exhibit a  trifle less reticulum in the tubercles of Group S than in 
those  of  Group  C,  but  this is  not  striking.  While  there  is  much 
pneumonic exudate in the control lungs, composed chiefly of endo- 
thelial cells,  with occasional areas of acute pneumonia, the lungs of 
the splenectomized animals show only occasional areas of intraalveolar 
exudate and usually these are made up principally of polymorphonu- 
clear  cells  in  various  stages  of  disintegration.  The  overgrowth 
and metaplasia of the alveolar epithelium are more marked in Group 
C than in Group S, but they appear in sections from both groups and 
their intensity seem to depend largely upon the amount of reduction 
in the size of the air spaces, owing to exudation and to the blockage 
of  bronchioles.  As  the  lung  sections of  Group  S  approach  those 
of  Group C  more  closely  in  type,  it  is  found  that  the  epithelial 
overgrowth increases  proportionately,  whereas  the  reverse  is  true 
in  the  extreme  types  of  either  series.  As  there  is  more  exudate 
in the less typical sections from Group S and in all the sections from 
Group  C,  the  obvious conclusion is  that the cutting off  of the re- 
spiratory  epithelium from  its  air  supply must  play  an important 
part in bringing about the epithelial overgrowth. 
The great thickening of the endothelial tissues of the pulmonary 
capillaries, their proliferative activity, and the increase in the  num- 
ber of free phagocytes noted in the experiments with carbon injec- 
tions are not in evidence in this one.  Indeed, the endothelium of 
the controls appears to be more active than that in the splenecto- 
mized animals.  The air sacs of the lungs in Group C  are crowded 
with phagocytes to a  far greater extent than are those of Group S. 
This will be discussed later on. 
The most striking feature noted in this experiment is the presence 
of much more numerous tubercle bacilli in  the lesions of  Group  S 
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sections from the latter group, they are far more evenly distributed 
through  the  tubercles and  exudate  and  many sections  show much 
fewer bacilli  than in  any preparations  from Group  S.  Those from 
the  latter  have  the  microorganisms  concentrated  in  the  tubercles 
among  the  polymorphonuclear cells  in  numbers  which remind  one 
somewhat of the appearance of the bacilli in  lesions of leprosy,  or 
the  Johne-Frothingham  disease  of  cattle.  That  there  are  more 
bacilli in the lungs of Group S than in those of Group C is indicated 
by the following experiment. 
All the lung sections of both  groups,  stained with  carbolfuchsin- 
hematoxylin, were mixed together in a  tray and their identification 
marks  hidden  to  avoid  prejudice;  they  were  then  sorted  out  by 
microscopic examination into  three  lots,  one  containing many, one 
a  moderate number of, and the third but few bacilli.  Twenty-nine 
sections were examined, three from each rabbit  save  one  (No.  C2) 
for  which only  two  slides  were  available.  Of  these  lots,  the  first 
is found to be.made up largely of sections from Group S, nine of them 
falling under this  head.  There are five sections from  Group  C  in 
this lot.  The second lot shows six Group S sections and one Group 
C;  the third all  Group C.  This experiment was checked up by rep- 
etition  with  a  second  series  of twenty-nine sections from the same 
blocks,  but  stained  with  Van  Gieson-carbolfuchsin.  The  results 
are  essentially  the  same.  Averaging  the  two  series  of  sections  it 
is found that  70 per  cent of the sections from Group  S  fall in  the 
class  of "many"  tubercle bacilli,  30  per  cent in  that  of "moderate 
numbers," and none in the "few."  Of the sections from Group  C, 
30  per  cent  come  under  the  heading  "many,"  22  per  cent under 
"moderate numbers," and 48 per cent under "few."  If the averages 
were  based  upon  the  carbolfuchsin-hematoxylin  series  alone  the 
figures would  not  differ materially from  these.  The  only marked 
exceptions to this rule are the six sections from Rabbit C5, all of which 
fall in the "many" class.  This rabbit outlived all the others except 
Rabbit C4, whose lung sections fell mostly in the "few" category.  It 
is difficult to explain why there should be this one striking exception. 
The  pulmonary  lesions  of  Group  S  are,  then,  characterized  by 
discrete  tubercles  containing  many  bacilli  and  polymorphonuclear 
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Group C, in which diffuse lesions are the rule, fewer bacilli are present 
and  these more diffusely distributed,  and  the  tubercles  themselves 
tend to be larger, not so dense, and more diffuse than in the splenec- 
tomized  group.  They  contain  fewer polymorphonuclear cells  and 
their  caseous  centers  are,  therefore, more  transparent.  No  differ- 
ences in  the appearance  of the pulmonary endothelium distinguish 
the  groups.  The  pulmonary  epithelium  shows  more  overgrowth 
and metaplasia in Group C  than in Group S. 
Liver.--In  this  organ,  too,  there is  a  marked difference between 
the  distribution  of  the  lesions  produced in  Group  S  and  those  in 
Group  C,  but  the  conditions  observed  in  the  lung  are  reversed; 
sections from  Group  S  literally are riddled with almost contiguous 
tubercles (Fig. 3), running along the interlobular septa from Glisson's 
capsule;  those  from  Group  C  contain  the  usual  amount  (Fig.  4), 
far fewer than in  the splenectomized rabbits.  Counting the tuber- 
cles to a  low power  (×  150)  field, one finds on  the average about 
ten  tubercles in  Group  S  (as  many as  seventeen were counted in 
sections from Rabbit  S1), and four in Group C.  Rabbit C5, whose 
lung  sections  showed  so  many  tubercle  bacilli,  averaged  but  one 
tubercle to  the low power  (×  150)  field in  all  three liver sections 
counted. 
Kid~u~y.--In this organ the tubercles were counted in each section, 
as there are but few, most low power fields containing none at all. 
They are situated usually in the cortex, and there are slightly more 
numerous lesions in the control series.  In Group S  they are small, 
immature,  and  poorly defined on  the  average,  so  that  many may 
have been missed in searching; in Group C, however, they are larger, 
tend to  undergo more extensive ca~eation, and are far more easily 
detected, so that it is possible  that the actual number of tubercles 
per section in each series is essentially the same.  The fact remains 
that the lesions are more advanced in the control anir~als. 
Spleen.--Sections  were made from all  the spleens in  Group  C  to 
determine the extent of involvement of this  organ in  the  controls. 
They show tubercles in every instance, which vary in size and num- 
bers, but the organ is always involved.  Carbolfuchsin demonstrates 
large numbers of bacilli in these lesions, but it is  to be noted that 
they seem to be in a poor state of preservation, staining indistinctly 
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Supplementary Experiment. 
These results bring up  several points that  should be  elaborated, 
(1)  Are  the pulmonary lesions in  Group  S  small and  discrete be- 
cause of delayed development, or on account of the possibility that 
there  has  been  an  early proliferation of  the  endothelium--as seen 
in  the  carbon  experiment--which  has  produced  phagocytes  that 
have  removed  the  bacilli?  (2)  If  the  latter  hypothesis  be  true, 
why is it  that more bacilli are  found in  the less  extensive tDrpe of 
pulmonary  lesion  observed  in  the  splenectomized  animals?  (3) 
Why is  the  liver more extensively involved in  the  splenectomized 
rabbits?  (4)  Finally,  why  is  the  endothelial  overgrowth  more 
marked in Group C than in Group S, when we might expect exactly 
the reverse after considering the results of the carbon experiment? 
In order  to answer  these questions, if possible, and  to eliminate 
speculation,  a  second  experiment  was  performed.  Four  rabbits, 
two  splenectomized and  two  normal controls,  were  injected intra- 
venously with 0.2 rag. per kilo of the same strain of tubercle bacilli 
employed in  the  first  experiment.  Two  of  the  rabbits  (Nos.  C6 
and $6) were killed at the end of 1 week, and two (Nos. C7 and $7) 
at  the end of 2  weeks.  The lesions produced correspond quite ac- 
curately with  those observed in  the first experiment; grossly there 
is little  to be  seen in  the organs of the  1 week animals, excepting 
that  the  control  shows  an  early  pulmonary  miliary  tuberculosis. 
The  2  week  rabbits  show  a  rather  diffuse  miliary  tuberculosis 
of the lungs in the control and a  very discrete miliary distribution 
in  the splenectomized animal; there  are  tubercles in  the  spleen of 
the  control and  in  the  livers  of  both;  the  kidneys show  doubtful 
tubercles in  the  control.  Microscopic examination  brings  out  the 
following points. 
Lungs.--The lungs of Rabbit C6 show scattered miliary tubercles 
not unlike those observed in  the first experiment.  Small numbers 
of well preserved tubercle bacilli are readily demonstrable.  Sections 
from the lungs of No.  $6,  the 1 week splenectomized animal, show 
very few tubercles.  Of four sections, one shows no tubercles what- 
ever, the other three but one each, in every instance very immature. 
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cells  and  the  endothelium  is  universally  thickened,  nuclear  knots 
composed  of  several  nuclei  being  present  here  and  there.  The 
sections from the lungs  of Rabbits  C7  and  $7, the 2 week animals, 
can be recognized by the naked eye as representing a  more diffuse 
and  a  more  discrete  type  of  lesion  respectively.  Microscopically 
the control lung shows a type of lesion not unlike that of the splenec- 
tomized animals of the first experiment; the tubercles are still rather 
discrete, they have an admixture of polymorphonuclear cells in many 
instances,  and  there is,  as yet, little  pneumonic reaction,  or intra- 
alveolar exudate, as compared with Group C of the first experiment. 
The alveolar walls are thickened by reason of a  swelling of the capil- 
lary endothelium, which shows great proliferative activity and many 
mitotic  figures.  Many large phagocytes are  invading  the  alveolar 
sacs  and  there  forming syncytia.  Tubercle  bacilli  are  exceedingly 
difficult to  demonstrate.  The  pulmonary sections from Rabbit  $7 
show discrete tubercles,  separated by wider areas of comparatively 
normal lung tissue.  The alveolar walls do not show the thickening 
or  mitotic  activity  seen  in  the  control.  There  are  a  great  many 
polymorphonuclear  leucocytes  in  the  capillary  lumlna.  Many 
tubercles show large numbers of these cells and their debris in their 
caseous  centers,  and  in  these  one  finds  a  large  number  of readily 
demonstrable  tubercle bacilli.  Reexamination of the more caseous 
centers of the  tubercles in  the lung sections of Rabbit  C7  fails  to 
demonstrate any bacilli, so that here too it may be said that tubercle 
bacilli are more readily found and are present in larger numbers than 
in the control, precisely as in the more advanced lesions of the first 
experiment.  Apparently  the  lesion  differs  ab  initio  from  that  in 
the control lung and it may be concluded that the endothelium never 
has been proliferating so actively as in the carbon experiment.  The 
lesions  are  merely  retarded  in  development,  and,  although  they 
contain more bacilli  than those in  the controls,  they never become 
so diffuse.  One cannot help associating this fact in some way with 
the presence of large numbers of polymorphonuclear cells that occur 
so  regularly  in  the  pulmonary  capillaries  of  the  splenectomlzed 
animals. 
Liver.--Sections from the liver of Rabbit  C6 show practically no 
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composed  of  a  single  syncytium,  or  a  small  group  of  endothelial 
cells and  lymphocytes, while in  the latter  they are slightly larger. 
Tubercle bacilli may be found in both.  At this stage the difference 
between the lesions in  the splenectomized animal and  those in  the 
control is  scarcely noted.  In  the liver sections from Nos.  C7  and 
$7, the 2 week rabbits, there are a  great many tubercles; those from 
the former average about seven, from the latter about twelve to the 
low power  (×  150)  field.  More syncytia are found in the sections 
from No.  $7  than in  those from the control, and the liver is in an 
advanced  stage  of degenerative fatty infiltration.  Tubercle  bacilli 
are now difficult to demonstrate in both cases.  In passing,  it may 
be noted that the early, or immature tubercles present well preserved 
tubercle bacilli,  both in  the lungs and liver, while the larger, more 
mature  tubercles  do  not  show  them  so  readily.  The  reason  for 
this is not clear; it should be investigated more thoroughly. 
Kidney.--Although the livers in this second series of experimental 
animals  show  little  difference from  each  other,  sections  from  the 
kidneys  present  marked  distinguishing  features;  those  from  Nos. 
C6 and C7 present a greater number of more fully developed tubercles 
than do those from Nos.  $6 and $7.  In sections from No.  C6  two 
or  three  tubercles are  found  in  each,  from No.  C7  an  average of 
eleven.  The sections from No. $6 show no lesions at all, those from 
No.  $7  an average of five per slide.  There is,  then,  a  marked in- 
hibition in the development of tubercles in the kidneys of the splenec- 
tornized animals. 
Spleen.--An examination  of  the  spleens  of  Rabbits  C6  and  C7 
throws no further light on the subject. 
DISCUSSION  AND  SUMMARY. 
If the spleen be removed from rabbits and tubercle bacilli be  in- 
jected  intravenously,  it  is  found  that  the  lesions  produced  differ 
materially from those observed in control animals; the lungs  present 
the most marked contrast, the liver also shows a definite difference hi 
the distribution  of the  tubercles,  and  the kidney lesions also  differ 
in the two instances. 
In  discussing  these  facts  we  must  answer,  if  possible,  the  four 
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in  Group S are small and discrete because of some inhibitory factor 
that  prevents  the  diffusion of the  products  of dead  tubercle bacilli. 
The organisms,  far from being killed, are more numerous and better 
preserved  in  this  group,  but  their  destructive  action is  localized. 
This seems to be connected with the presence of polylnorphonuclear 
leucocytes, for these cells are more numerous in the lesions and more 
plentiful in the lumina of the pulmonary capillaries of Group S than 
they  are  in  the  controls.  The  conclusion  to  be  drawn  from  this 
covers  the  answer  to  the  second  question.  It  is  not  the  tubercle 
bacillus itself that produces the  destructive  changes,  but the  toxins 
liberated  by the  breaking  down of its  substance.  The  well known 
experiments  of Hodenpyl  and  Armand-Delille,  already  referred  to 
in  this  series of papers,  show this  to be true;  dead  tubercle bacilli, 
or even  extracts  of these  organisms,  will produce  typical  tubercles. 
Removing the spleen stimulates the production of polymorphonuclear 
leucocytes, as shown by Johnstone  (1922).  These cells may prevent 
the diffusion of split products  from  the  bacilli by removing or  neu- 
tralizing  them. 
The third question, as to why the liver is more affected after splen- 
ectomy than  in  normal  controls,  is  more  readily  answered.  Prob- 
ably the spleen acts as a  catch-basin for the bacteria; once removed 
it  can no longer withhold  them  from the  portal  circulation  and  the 
liver receives a  larger number than it would were this bacterial filter 
still  operative.  On  the  other  hand,  there  may  be  an  increase  in 
the  phagocytic  activity  of  the  endothelium  of  the  sinusoids  which 
might take up more bacteria tinder these changed conditions.  Several 
investigators have claimed, recently, that there is an increased activity 
of  the  liver  endothelium  following  splenectomy,  their  experiments 
being directed chiefly toward determining the fate of the erythrocytes. 
Pearce  (1918) in reporting  the effects of experimental splenectomy in  dogs, 
states that  there are  definite compensatory changes in the lymph nodes, in the 
form of an increased proliferation of endothelial phagocytes, and that the stellate 
cells of the liver sinusoids often show a similar compensatory increase in number. 
In both cases the cells are, apparently, formed in situ rather  than transported  to 
the organs.  He says: "Such findings suggest the development of a compensatory 
function on the part of the lymph-nodes and possibly the liver," and suggests that, 
in times of stress "the stellate cells of the liver thus assume, in part at least, the 
function of destroying red blood-corpuscles by phagocytosis."  Incidentally,  he 272  ENDOTHELIAL REACTIONS.  VIII 
presents an excellent discussion of the history and subject of splenectomy.  Moto- 
hashi  (1922) reports a  great increase  in  the hemophagic  power of the hepatic 
endothelittm  and an increase in the number of endothelial elements, after some 45 
days  following  splenectomy  in  rabbits.  Nishikawa  and  Takagi  (1922) have 
observed similar phenomena with white rats, the Kupffer cells taking up erythro- 
cytes in large numbers in splenectomized  animals,  whereas  controls never show 
similar propensities on the part of these cells.  It may be that different substances 
cause different reactions on the part of the hepatic endothelium. 
Contributory JExperiment.--A side experiment was performed with five rabbits, 
two splenectomized  and three controls, into which uniform doses of pneumococci 
were injected intravenously.  They all died of septicemia after a few days.  The 
results of this experiment strengthen  the foregoing  conclusions  materially.  It 
was found that there were many polymorphonuclear amphophils in the pulmonary 
capillaries  of the splenectomized  animals  and  that  there were  numerous focal 
necroses in the livers.  The controls showed much fewer polymorphonuclear cells 
in the lungs and no focal necroses in the livers, while the spleens were actively 
congested and inflamed.  Otherwise the experiment was  not of sufficient impor- 
tance to warrant a separate report. 
The  question as  to why the  endothelium of the pulmonary capil- 
laries  shows  no  stimulation  similar  to  that  observed in  the  carbon 
experiment, but rather less activity than  that of the  controls, must 
be answered hypothetically for the present.  With the carbon,  com- 
paratively huge amounts of foreign matter were injected repeatedly; 
here but one injection of a much smaller amount of suspended tuber- 
cle  bacilli was administered.  The  resulting  stimulus  to  the  pul- 
monary endothelium  would,  therefore,  differ materially  in  the  two 
instances.  In  one  there would  be  succeeding waves  of stimulation 
following  each  injection  of  irritating  foreign  substance.  In  the 
other an entirely different sort of stimulus would result; the bacteria 
would  be  withdrawn  from  the  circulation  within  an  hour  or  two, 
judging by past experience, and would  then multiply,  to be cast off 
into the circulation in driblets, as the lesions containing them broke 
down.  At least it can be said that there is a  good theoretical reason 
for the difference in the endothelial reaction in the lungs of the two 
groups  of animals. 
CONCLUSIONS. 
1.  Splenectomy in  rabbits,  followed by  the  intravenous  injection 
of  tubercle  bacilli,  produces  a  changed  distribution  of  these  bacilli 
and  of  the  lesions  they cause. NATHAN  CHANDLER  FOOT  273 
2.  The pulmonary lesions are fewer, more discrete,  exhibit a larger 
number  of  polymorphonuclear  leucocytes,  and  contain,  as  a  rule, 
more  tubercle  bacilli  than do  those  of controls. 
3.  The lesions in the liver are far more numerous and destructive 
in  the  splenectomized,  than  in  the  control  animals. 
4.  The tubercles produced in the  kidney do  not  show  so marked 
a difference between the two groups as is noted in the lung and liver, 
but  they  are  fewer  and  less  well  developed  in  the  kidneys  of  the 
splenectomized  rabbits. 
5.  The course of the disease is not affected materially  by splenec- 
tomy,  if  anything  it  is  rendered  slightly  more  rapid;  although  the 
lung is less  affected,  the  liver is  so  extensively  invaded  as to  offset 
all the advantage  that may have  been gained by the decreased  pul- 
monary involvement. 
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EXPLANATION OF PLATES. 
PLATE 19. 
FIG. 1.  Low power photomicrograph of a  section of the lung from a  splenec- 
tomized rabbit (No. $4).  Note the comparatively large amount of aerated tissue 
and the dumping of the lesions.  Hematoxylin-eosin.  ×  16. 
FIG. 2.  Section from the lung of a  control rabbit  (No.  C3)  under the same 
magnification and with the same stain.  The diffuse  type of the lesion is obvious. 
PLATE 20. 
FIG. 3.  Low power photomicrograph of a section from the liver of Rabbit $4. 
Note the large number of tubercles present.  They are almost contiguous.  Hema- 
toxylin-eosin.  X  100. 
FIO.  4.  Section from the liver of Rabbit  C3.  Only two large  tubercles are 
present in this field; there are many giant cells.  Hematoxylin-eosin.  ×  100. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL,  XXXVIII  PLATE  19. 
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